Cellular stress response after hypoxia-Ischemia (HI) may be substantially different between immature and mature brains. To study this phenomenon, postnatal day 7 (P7) and P26 rats were subjected to HI followed by different periods of recovery. Nuclear accumulation of heat-shock transcription factor-1 (HSF1) and expression of molecular chaperone proteins and mRNAs were analyzed by in situ hybridization, Western blotting and confocal microscopy. Nuclear accumulation of HSF1 protein and induction of hsp70 mRNA occurred dramatically in P26 neurons, but minimally in P7 neurons and moderately in microglial cells after HI. Consistently, the level of HSF1 was significantly higher in P26 brain samples, compared with that in P7 brain. Translation of hsp70 mRNA into proteins in P26 mature neurons was seen at 4 h and peaked at 24 h, when some neurons had already died after HI. Induction of ER glucose-regulated protein-78 (grp78) and mitochondrial hsp60 mRNAs and proteins was moderate and occurred also only in P26 mature brain after HI. These results suggest that the cellular stress response after HI is development-dependent, being pronounced in mature but virtually negligible in neonatal neurons. Therefore, the effectiveness of therapeutic strategies targeting the stress pathway against HI may be significantly different between immature and mature brains. The delayed induction of molecular chaperones in mature brain may be somewhat late for protecting HI neurons from acute HI injury.
Introduction
A single episode of brain HI is able to induce neuronal death and long-term neurological deficits. It has long been known that neuronal death mechanisms for neonatal and mature neurons after HI are significantly different (Hu et al., 2000a,b; Tang et al., 2004; Liu et al., 2004; Wang et al., 2009; Zhu et al., 2009) . For example, neonatal neurons have dominant built-in apoptotic machinery that gradually fades out during brain maturation (Hu et al., 2000b; Liu et al., 2004; Blomgren et al., 2007) . Molecular chaperones play a major role in preventing toxic protein aggregation by shielding hydrophobic segments of toxic unfolded proteins. Under physiological conditions, the levels of constitutive molecular chaperones are sufficient to protect the normal levels of newly synthesized unfolded proteins during their folding and assembly (Hartl and Hayer-Hartl, 2002) . Under ischemic conditions, however, the ATP-dependent molecular chaperone processing capacity is significantly reduced, resulting in toxic protein aggregation in mature neurons (Hu et al., 2000a (Hu et al., , 2001 Liu et al., 2005a; Zhang et al., 2006) . Despite the recent progress, how HI regulates expression of molecular chaperones differentially between neonatal and mature brains remains unknown.
Cells cope with stress, such as hyperthermia or ischemia, by expressing inducible molecular chaperones such as heat shock proteins (HSPs) to prevent toxic protein misfolding or aggregation, the so-called heat shock response (HSR) (Truettner et al., 2009) . HSR is initiated at the transcription level by heat-shock transcription factors (HSFs). In vertebrates, four HSF family members (HSF1, HSF2, HSF3, and HSF4) have been identified. HSF1 is the master regulator of HSR in mature neurons (Fujimoto and Nakai, 2010) . Activation of HSF1 leads to its nuclear translocation and induction of more than 3000 genes; including the classical molecular chaperone genes such as HSP70, Hdj1, Hdj4, Hdj6, HSP27 and HSP25, as well as the non-classical heat shock genes (Song et al., 2010; Islam et al., 2013) . For that reason, drug-induced activation of HSR has been used as an experimental strategy to show that induction of HSR offers strong cell protection in cellular, worm, fly, and mouse or rat models (e.g., Harrison et al., 2008; Batulan et al., 2006; Neef et al., 2011; Liu et al., 2011; Verma et al., 2014; Ambade et al., 2014; Cha et al., 2014) . However, activation of HSF1 may also have undesired effects. For instance, HSF1 activation may facilitate the survival of cancer cells (Vydra et al., 2013) . This study shows that HSR after HI is dramatically different between immature and mature neurons. Therefore, the effectiveness of therapeutic 
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